In pregnancy, ␣-adrenoceptor-mediated vasoconstriction is augmented in uterine radial arteries and is accompanied by underlying changes in smooth muscle (SM) Ca 2ϩ activity. This study aims to determine the Ca 2ϩ entry channels associated with altered vasoconstriction in pregnancy, with the hypothesis that augmented vasoconstriction involves transient receptor potential canonical type-3 (TRPC3) and L-and T-type voltage-dependent Ca 2ϩ channels. Immunohistochemistry showed TRPC3, L-type Ca v1.2 (as the ␣1C subunit), T-type Cav3.1 (␣1G), and Ca v3.2 (␣1H) localization to the uterine radial artery SM. Fluorescence intensity of TRPC3, Ca v1.2, and Cav3.2 was increased, and Ca v3.1 decreased in radial artery SM from pregnant rats. Western blot analysis confirmed increased TRPC3 protein expression in the radial artery from pregnant rats. Pressure myography incorporating pharmacological intervention to examine the role of these channels in uterine radial arteries showed an attenuation of phenylephrine (PE)-induced constriction with Pyr3 {1-[4-[(2,3,3-trichloro-1-oxo-2-propen-1-yl) amino]phenyl]-5-(trifluoromethyl)-1H-pyrazole-4-carboxylic acid}-mediated TRPC3 inhibition or with nifedipine-mediated L-type channel block alone in vessels from pregnant rats; both effects of which were diminished in radial arteries from nonpregnant rats. Combined TRPC3 and L-type inhibition attenuated PE-induced constriction in radial arteries, and the residual vasoconstriction was reduced and abolished with T-type channel block with NNC 55-0396 in arteries from nonpregnant and pregnant rats, respectively. With SM Ca 2ϩ stores depleted and in the presence of PE, nifedipine, and NNC 55-0396, blockade of TRPC3 reversed PE-induced constriction. These data suggest that TRPC3 channels act synergistically with L-and T-type channels to modulate radial artery vasoconstriction, with the mechanism being augmented in pregnancy. vascular smooth muscle; TRPC3; voltage-dependent Ca 2ϩ channel; constriction IN PREGNANCY, remodeling of uterine radial resistance arteries is associated with altered vascular tone, underpinned by augmented sensitivity to constrictor stimuli (14, 24, 29, 39, 42, 43) , and elevated myogenic tone (11, 14, 20, 31, 39, 54, 57) , with the latter being apparently related to placentation type. Regulation of vascular smooth muscle (SM) constriction is a primary determinant of vascular tone and is accompanied by changes in the intracellular SM [Ca 2ϩ ], modulated via the activity of ion channels, the sarcoplasmic reticulum Ca 2ϩ store, and the sensitivity of the contractile apparatus to intracellular [Ca 2ϩ ] (53). Calcium influx via voltage-dependent Ca 2ϩ channels (VDCC) and the nonvoltage-dependent channels from the transient receptor potential (TRP) family represent key pathways of intracellular Ca 2ϩ entry and Ca 2ϩ store refilling in the vasculature (47), with limited information on the role of these pathways in the uterine vasculature, and changes associated with pregnancy.
2ϩ stores depleted and in the presence of PE, nifedipine, and NNC 55-0396, blockade of TRPC3 reversed PE-induced constriction. These data suggest that TRPC3 channels act synergistically with L-and T-type channels to modulate radial artery vasoconstriction, with the mechanism being augmented in pregnancy. vascular smooth muscle; TRPC3; voltage-dependent Ca 2ϩ channel; constriction IN PREGNANCY, remodeling of uterine radial resistance arteries is associated with altered vascular tone, underpinned by augmented sensitivity to constrictor stimuli (14, 24, 29, 39, 42, 43) , and elevated myogenic tone (11, 14, 20, 31, 39, 54, 57) , with the latter being apparently related to placentation type. Regulation of vascular smooth muscle (SM) constriction is a primary determinant of vascular tone and is accompanied by changes in the intracellular SM [Ca 2ϩ ], modulated via the activity of ion channels, the sarcoplasmic reticulum Ca 2ϩ store, and the sensitivity of the contractile apparatus to intracellular [Ca 2ϩ ] (53) . Calcium influx via voltage-dependent Ca 2ϩ channels (VDCC) and the nonvoltage-dependent channels from the transient receptor potential (TRP) family represent key pathways of intracellular Ca 2ϩ entry and Ca 2ϩ store refilling in the vasculature (47) , with limited information on the role of these pathways in the uterine vasculature, and changes associated with pregnancy.
TRP channels are a family of generally nonselective cation channels that are activated and regulated by a wide variety of stimuli (2, 8, 19, 58) and play significant roles in cellular Ca 2ϩ homeostasis. TRP canonical type 3 (C3) channels are widely expressed in the vasculature, including in the SM of rat carotid (38) , caudal (7, 35) , cerebral (3), pulmonary (22, 33) , and preglomerular renal arteries (21, 45) , rat and human aorta (21, 30) , and human cerebral, coronary and pulmonary arteries (30, 63, 64) , and canine renal (59) , and rabbit coronary and ear arteries (5, 50) . Upregulation of TRPC3 expression in human myometrium has been suggested to play a role in contraction during pregnancy and labor (15, 16) , although a role for these channels in rat uterine vascular SM function has not been defined to date.
Both L-and T-type VDCC are expressed in vascular SM in a region-dependent manner (1, 6, 32) . L-type (Ca v 1.2; as the ␣1C subunit) channels are widely expressed and regulate constriction in uterine radial arteries (54) . However, the channels leading to SM depolarization and subsequent activation of Ca v 1.2 following receptor stimulation in these arteries remain elusive. Ca v 1.2 are characterized by Ca 2ϩ influx at relatively depolarized membrane potentials, as "high-voltage activated" (26, 34) and are sensitive to low concentrations of dihydropyridines. In contrast, T-type channels are dihydropyridine insensitive and operate at relatively more negative membrane potentials as "low-voltage activated" and are characterized by their fast inactivation (26, 34) . The role of T-type channel function in rat uterine vascular SM has not been examined. T-type channels consist of three family members as Ca v 3.1-3.3 (as the ␣1G, ␣1H, and ␣1I subunits, respectively) with Ca v 3.1 and Ca v 3.2 being the main subtypes expressed in the cardiovascular system (13, 32, 34) .
The type and mechanism of placentation is a key factor associated with differential uterine vascular function between species. In rodent and human pregnancy, hemochorial placentation occurs (52) , whereas epitheliochorial placentation occurs in sheep (10) . The maternal compartment of the hemochorial placenta operates under relatively low pressure in rodents (15-20 mmHg) (36) , and this is reflected by enhanced myogenic tone in uterine radial arteries of pregnant rats (23, 54) . Similar observations have been made in human pregnancy in intramyometrial (20) and omental resistance arteries (31) . In contrast, in animals with epitheliochorial placenta such as ewes, the maternal microvascular system is intact and major resistance to placental blood flow is located inside the placenta. In support of this, uterine artery myogenic tone in pregnant sheep is significantly reduced in pregnancy (61, 62 ).
The present study tested the hypothesis that late pregnancy results in an increase in TRPC3, L-type VDCC, and T-type VDCC in rat uterine radial arteries, facilitating an increase in the cytoplasmic SM [Ca 2ϩ ] and vessel constriction. The aims of the study were to determine the distribution and role of the above channels in constriction of uterine radial arteries and the effect of pregnancy.
MATERIALS AND METHODS

Animals and Artery Preparation
Experiments were performed on 12-to 14-wk-old Sprague-Dawley rats. Time-mated (late) pregnant rats on their first pregnancy were studied at 20 days of gestation (term, 22 days). Age-matched virgin nonpregnant rats were studied at estrus as determined by vaginal smears using established criteria (65) . Animals were maintained under controlled temperature and illumination conditions with ad lib food and water. Animals were anesthetized with Pentathol Sodium (100 mg/kg ip), and third-order uterine radial arteries, supplying branches 7-8 (of 13-14 total branches off main uterine artery, numbered from cervical end of each uterine horn) from both groups were isolated and carefully dissected free of connective tissue in Krebs solution containing (in mM) 112 NaCl, 25 NaHCO 3, 4.7 KCl, 1.2 MgSO4·7H2O, 0.7 KH2PO4, 10 HEPES, 11.6 glucose, and 2.5 CaCl2·2H2O; pH 7.3. Only uterine radial arteries supplying a placenta were selected in the pregnant animals.
All procedures were approved by the Animal Ethics Committee of the University of New South Wales (09/43B) according to National Health and Medical Research Council of Australia guidelines.
Immunohistochemistry
The distribution of TRPC3, Ca v1.2, Cav3.1, and Cav3.2 was examined in the SM of nonpregnant and pregnant rat uterine radial artery using conventional whole mount confocal immunohistochemistry as previously described (46, 48) . Fixed whole mount tissues were incubated in blocking buffer (PBS containing 1% bovine serum albumin, 0.2% Tween 20) for 2 h at room temperature, rinsed (3 ϫ 5 min) in PBS, and incubated in 1:100 primary antibody [TRPC3; catalog number, ACC-016; batch number, AN-07; Alomone, Israel; Ca v1.2, ACC-003, Alomone, Israel; Cav3.1, orb20302, Biorbyt, Cambridgeshire, UK; Cav3.2, orb127781, Biorbyt (9, 25) ] in blocking buffer for 18 h at 4°C. Tissue was then rinsed (3 ϫ 5 min) in PBS and incubated in secondary antibody (Alexa Fluor 633, Invitrogen) diluted in PBS containing 0.01% Tween 20 for 2 h, subsequently rinsed (3 ϫ 5 min) in PBS, and mounted in buffered antifade glycerol. Tissues were examined with a confocal microscope (FV1000, Olympus, Tokyo, Japan) and images acquired with uniform settings.
For semiquantitative estimation of channel density, relative fluorescence levels of confocal signals were determined using CellR software (Olympus). The mean fluorescence density of 5 randomly selected 100-m 2 regions of interest, of each of 3-4 different preparations from a different animal for each channel, were determined, with secondary only taken as baseline fluorescence.
Western Blotting
Uterine radial arteries (as above) and aortas with extraneous tissue carefully removed were dissected from nonpregnant and pregnant rats, snap frozen, and stored in liquid nitrogen. Arteries from 4 animals per "n" (Fig. 2, A and B) were ground by using a mortar and pestle and then resuspended in PBS, pH 7.4, containing protease inhibitor cocktail (Roche Diagnostics, Castle Hill, Australia). Ground arteries were centrifuged (3,000 g, 4°C; 5 min) and supernatant was separated from the pellet and placed on ice. The pellet was snap frozen and reprocessed as stated above, and supernatants were pooled and centrifuged (20,000 g, 4°C; 1 h). Supernatant now containing "soluble" protein (i.e., containing soluble cytosolic protein and any residual fragments of unpelleted membrane) was separated, aliquoted, rapidly frozen, and stored in liquid nitrogen. The pellet now containing "membraneenriched" protein (i.e., containing plasmalemma, endoplasmic reticulum, mitochondria, Golgi, lysosome, and peroxisome membrane proteins) were suspended in PBS, pH 7.4, containing protease inhibitor cocktail (Roche Diagnostics) with 0.1% Triton X-100. Protein extracts were aliquoted, rapidly frozen in liquid nitrogen, and stored at Ϫ80°C. The Bradford protein assay kit (Bio-Rad) was used to determine protein concentration in samples.
Aliquoted protein extracts (10 g protein) were dissolved in lithium dodecyl sulfate (LDS) sample buffer (0.5% LDS, 62.5 mM Tris·HCl, 2.5% glycerol, 0.125 mM EDTA), pH 8.5, for 10 min at 70°C. Protein extracts were separated by PAGE with 4 -12% bis-Tris gels (Invitrogen) using MOPS-SDS running buffer and electroblotted onto PVDF membranes for 18 h at 4°C. Protein-transferred PVDF membranes were washed, blocked, and probed with antibody to TRPC3 (ACC-016, AN-07, Alomone, Israel) overnight at 4°C.
Specific binding was visualized using alkaline phosphate-conjugated secondary antibody and chemiluminescence according to manufacturer's instructions (Invitrogen). Magic Mark XP protein standard (Invitrogen) was used to estimate the migrated protein band sizes. The intensity of bands corresponding to protein expression was determined using Photoshop CS3 Extended (Adobe). Relative levels of protein expression were determined by normalizing with the intensity of respective nonspecific TRPC3 staining on the blots to avoid potential changes in SM protein expression in pregnancy, with actin staining as loading control on blots that were stripped and reprobed with actin primary antibody (A2066, Sigma-Aldrich, Castle Hill, NSW, Australia). In addition, to confirm actin staining, blots were restripped and reprobed with GAPDH (SC-25778, Santa Cruz Biotechnology) and stained with Coommassie staining.
Notably, extensive attempts to undertake Western blot protocols using Ca v1.2 (ACC-003, Alomone, Israel), Cav3.1 (orb20302, Biorbyt), Cav3.2 (orb127781, Biorbyt) antibodies failed to visualize protein at the respective relevant molecular weights, including in positive control tissue (data not shown).
Pressure Myography
Freshly isolated uterine radial arteries from nonpregnant and pregnant rats (internal diameter in Ca 2ϩ free, EGTA containing Krebs, 102 Ϯ 6 m, n ϭ 15; 188 Ϯ 11 m, n ϭ 14, respectively) were cannulated in a pressure myograph (Living Systems Instrumentation, St. Albans, VT) with continuous superfusion of Krebs solution (37°C) at a rate of 3 ml/min. Artery diameter was continuously monitored using Diamtrak software (Adelaide, SA, Australia). Arteries were pressurized to 60 mmHg with incremental increases over 80 min under no-flow conditions. Viability of the endothelium was assessed (28)], respectively, and cumulative concentrations of PE (1 nM-300 M) were added to investigate the effect of TRPC3 and Cav channel block alone on SM constriction. To investigate the contribution of these channels to radial artery SM constriction, the respective blockers were added individually or in combination, and PE dose-response curves were constructed as above, with recovery for 20 min in Krebs. Arteries were subsequently exposed to cobalt chloride [200 M; (12) ] to nonspecifically characterize the nature of any residual constriction.
In other experiments, arteries were preconstricted with superfused PE (1 M, nonpregnant and 0.3 M, pregnant; to 80% of maximum constriction), and the role of TRPC3 was evaluated using Pyr3 (1 nM-3 M). Of note, given that uterine radial arteries from nonpregnant rats do not develop myogenic tone (54) , this necessitated the use of PE to induce matched tone in nonpregnant and pregnant uterine radial arteries; further noting that pregnancy is associated with enhanced sensitivity to constrictor stimuli.
In another series of experiments to investigate the potential role of TRPC3 in SM Ca 2ϩ store replenishment, radial arteries were superfused with Ca 2ϩ -free Krebs solution for 5 min, and PE (10 M) was added to deplete the store, with subsequent superfusion of nifedipine (1 M) and NNC 55-0396 (3 M) for 20 min to prevent Ca 2ϩ entry through voltage-dependent Ca 2ϩ channels. Arteries were then exposed to PE (1 M, nonpregnant and 0.3 M, pregnant; for 80% of maximum constriction) and subsequently to Pyr3 (1 M).
Artery diameter changes were expressed as a percentage of the passive diameter achieved by replacing the Krebs solution with Ca 2ϩ -free Krebs (0 mM CaCl2 and 2 mM EGTA) at the end of each experiment.
Drugs and Solutions
All pharmacological compounds were obtained from Sigma (SigmaAldrich), except for Pyr3 and NNC 55-0396, which were from Tocris (Tocris Bioscience, Bristol, UK). Stock solutions (10 mM) were prepared in DMSO with the exception of NNC 55-0396 (MQ water) and cobalt chloride (phosphate-free Krebs solution). Small aliquots of stock solutions were frozen in Ϫ20°C, except for cobalt chloride hexahydrate, with further dilutions in Krebs solution when in use.
Statistical Analysis
Data are expressed as means Ϯ SE, with n defined in the figure legend or text as data each from a different animal; although as detailed in the figure legends, tissues were pooled for Western blot analysis. Statistical significance was determined by one-way ANOVA followed by Dunnett's post hoc test for multiple comparisons. Comparison of two variables was performed with unpaired t-test where appropriate, with P Ͻ 0.05 considered as being statistically signficant (GraphPad Prism).
RESULTS
TRPC3, Ca v 1.2, Ca v 3.1, and Ca v 3.2 Protein Expression
The distribution of TRPC3, Ca v 1.2, Ca v 3.1, and Ca v 3.2 in radial artery SM from nonpregnant and pregnant rats was determined using confocal immunohistochemistry of whole mount tissue (Fig. 1, A-H) . TRPC3 protein was expressed in the SM of radial arteries of nonpregnant and pregnant rats, with punctate and diffuse distribution on the cell surface. In pregnancy, TRPC3 fluorescence of radial artery SM was increased ϳ21% relative (Fig. 1, D and H (Fig. 1B, F , C, and G, respectively) were expressed in both nonpregnant and pregnant groups with decreased Ca v 3.1 (ϳ47%; Fig. 1F ) and increased Ca v 3.2 (ϳ33%; Fig. 1G ) fluorescence in pregnancy. There was no visible change in the apparent distribution of Ca v 1.2, Ca v 3.1, and Ca v 3.2 channels in arteries from nonpregnant and pregnant rats.
Western blot analysis of arterial homogenates containing membrane proteins reflected immunofluorescence staining for TRPC3 and recognized this channel protein as bands at ϳ120 and ϳ220 kDa, which were previously identified by our lab as the rat equivalent of glycosylated full-length TRPC3 protein; this was similar to that of positive aorta control ( Fig. 2A) and its complex at ϳ220 kDa (17, 49) . TRPC3 protein expression in the pregnant uterine radial arteries was increased relative to that in arteries from nonpregnant rats (Fig. 2, A and B) : ϳ75% total increase with ϳ42% increase in ϳ120 kDa and ϳ33% in ϳ220 kDa protein when normalized with respective nonspecific TRPC3 staining; ϳ31% total increase with ϳ22.2% increase in ϳ120 kDa and 8.8% ϳ220 kDa protein when normalized with actin staining. Western blot of total TRPC3 protein revealed a relatively increased expression in radial arteries of pregnant rats (A and B; *P Ͻ 0.05, significant). TRPC3 was present as a band at ϳ120 kDa, similar to that of positive nonpregnant aorta (A) and its complex as a band at ϳ220 kDa (17, 49 Phenylephrine was a more potent constrictor in radial arteries from pregnant compared with nonpregnant rats (pEC 50 /E max ; Table 2 ). When arteries were preincubated with Pyr3 (1 M), there was no effect on the PE dose-response curve (Fig. 3A) from the nonpregnant group, but there was modest but significant inhibition of responses to PE in arteries from pregnant rats (Fig. 3B) . The L-type Ca 2ϩ channel blocker nifedipine (1 M) alone caused a modest inhibition of responses to PE (Fig.  3, C and D) , but in combination, Pyr3 and nifedipine caused a significant inhibition of responses to PE (Fig. 3, E and F) . The T-type channel blocker NNC 55-0396 (3 M) caused a further inhibition of PE-induced responses with the remaining constriction (ϳ30%) being abolished by the nonselective blocker of extracellular Ca 2ϩ entry channels (12) cobalt chloride (200 M; Fig. 3 , E and F; Table 2 ). The contribution of all three channel types to PE-induced constriction was upregulated in pregnancy.
TRPC3 and L-type Ca 2ϩ channel inhibition each alone significantly inhibited responses to PE in arteries from pregnant rats (Fig. 3, B and D, respectively) . There was also significant synergy when the blockers were added together, with the combination of Pyr3 and nifedipine abolishing ϳ40% of the maximum constriction response to PE in vessels from pregnant rats, as opposed to ϳ10% in the vessels from nonpregnant rats. The effect of T-channel blockade was also increased in vessels from pregnant rats, with NNC 55-0396 abolishing the remaining PE-induced constriction and only reducing this constriction in the vessels from nonpregnant rats. In the presence of these inhibitors, cobalt chloride had no further effect on PE-induced constriction in the vessels from pregnant rats, with the residual constriction being abolished in vessels from nonpregnant rats.
Arteries from pregnant rats exhibited a modest level of myogenic tone (ϳ20%) when pressurized to 60 mmHg. In contrast, there was no myogenic tone in vessels from nonpregnant rats. Both Pyr3 and nifedipine alone reduced myogenic tone in arteries from pregnant rats (Fig. 3, B and D, at baseline, respectively).
Store emptying and PE-induced constriction studies. TRPC3
STORE-ACTIVATED CA 2ϩ ENTRY REFILLS THE SR STORE. To further elucidate the effects of Pyr3 on PE-induced constriction, experiments were performed in the absence and subsequent readdition of extracellular Ca 2ϩ . In the absence of extracellular Ca 2ϩ , PE (10 M) caused a transient constriction in both arteries. Subsequent reintroduction of extracellular Ca 2ϩ , in the presence of nifedipine and NNC 55-0396, did not cause constriction of arteries from nonpregnant or pregnant rats. Exposure to PE (0.3/1 M) evoked constriction in arteries from both nonpregnant and pregnant groups by ϳ41%, with subsequent Pyr3 (1 M) exposure reversing the constriction to a similar extent in both groups (Fig. 4, A-C) .
DISCUSSION
The present anatomical and functional data support a role for TRPC3 channels and L-and T-type VDCC in the regulation of vasoconstrictor tone in rat uterine radial artery. This study demonstrates that the contribution of these channels to the regulation of ␣-adrenoceptor-mediated vasoconstriction is augmented and underpins the enhanced responsiveness to PE in pregnancy. Primary evidence supporting this conclusion involves increased TRPC3, Ca v 1.2, and Ca v 3.2 protein expression and differential inhibition of PE-induced constriction of these channels in uterine radial arteries of pregnant rats. Furthermore, TRPC3 channels likely modulate PE-mediated vasoconstriction via a synergistic interaction with L-and T-type channel function involving membrane depolarization and facilitating Ca 2ϩ entry to replenish PE-sensitive Ca 2ϩ stores in uterine radial arteries. Constitutive TRPC3 activity is likely responsible for development of myogenic tone in uterine radial arteries from pregnant rats.
TRPC3 in Uterine Radial Artery SM
In the uterine radial artery of both nonpregnant and pregnant rats, the localization of TRPC3 protein to the SM (Fig. 1, D and H, respectively) and the dose-dependent inhibition of PEinduced constriction by Pyr3 (Fig. 2C ) support a functional role for TRPC3 channels in this vessel. Indeed, in the intact mesenteric artery of the rat, TRPC3 protein expression is absent in the SM and Pyr3 is without effect on constriction Values are means Ϯ SE; n ϭ number of rats. *P Ͻ 0.05 compared with vehicle for nonpregnant/pregnant; †P Ͻ 0.05 compared with Pyr3 ϩ nifedipine for nonpregnant/pregnant; ‡P Ͻ 0.05 compared with Pyr3 ϩ nifedipine ϩ NNC 55-0396 for nonpregnant/pregnant. (44) . In the uterine radial artery, TRPC3 protein expression was increased in pregnancy (Fig. 2, A and B ; Table 1 ). The full-length (glycosylated) ϳ120-kDa TRPC3 protein that was upregulated in the radial artery SM in pregnancy forms a constitutively active channel (17) and may contribute to the less negative resting membrane potential previously recorded in the SM cells of these arteries in pregnancy (54) . Indeed, depolarization caused by constitutively active TRPC3 channels would increase the probability of VDCC opening to increase myogenic tone. Consistent with this, uterine radial arteries of pregnant rats exhibit myogenic tone, and this study demonstrates that it is abolished with inhibition of TRPC3. The lower expression of these channels in uterine radial arteries from nonpregnant rats may explain why these vessels do not develop myogenic tone (54) . Constitutively active TRPC3 channels have been previously reported to cause membrane depolarization, enhancing vascular tone and excitability in rabbit ear artery myocytes (5) and mouse cerebral arteries (18) .
Contribution of TRPC3 to Agonist-Induced SM Constriction
TRPC3 inhibition attenuates PE-induced constriction in radial arteries of pregnant rats (Fig. 3B) but had essentially no effect in arteries of nonpregnant rats (Fig. 3A) . There are several possible explanations for these observations. As above, uterine radial arteries from pregnant rats exhibit myogenic tone , with no effect in those from pregnant rats (F). n ϭ 4 -10 experiments, each from a different animal; P Ͻ 0.05 indicates significant difference in *pEC50, or a respective dose, or #Emax relative to PEinduced constriction in vehicle (see Table 2 , for drug characterization data).
as a property likely underpinned by the constitutive activity of TRPC3 channels. The resulting SM depolarization may increase SM sensitivity to ␣-adrenoceptor stimulation (8) . Alternatively, inositol 1,4,5-trisphosphate receptors (IP 3 R) are involved in receptor-mediated activation of TRPC3, and increased coupling between the two is associated with membrane depolarization, VDCC activation, increased cytoplasmic Ca 2ϩ , and augmented constriction (4) . Pregnancy may upregulate the extent of coupling between IP 3 R and TRPC3, thus augmenting PE-mediated vasoconstriction.
In arteries preconstricted with PE, Pyr3 caused dose-dependent reversal of the constriction. Activation or depletion of the Ca 2ϩ store by PE may have activated TRPC3 as suggested by our subsequent experiments, or Pyr3 may block the open channels more effectively. Surprisingly, the extent to which constriction was reversed with TRPC3 inhibition was similar between arteries from nonpregnant and pregnant rats, suggesting an equivalent role. TRPC3 is activated by diacylglycerol (DAG) while the target of DAG, namely PKC, inhibits TRPC3 channels. Thus, whereas lower concentrations of PE may lead to activation of TRPC3, higher concentrations may cause inhibition of these channels via a PKC-mediated mechanism (5, 55) . Given the presence of increased sensitivity to PE, lower concentrations of PE were used in uterine radial arteries of pregnant rats to obtain equivalent levels of preconstriction to those in arteries of nonpregnant rats (in Fig. 2C ). Thus, with this method of preconstriction, the underling levels of DAG and PKC may have differed in nonpregnant versus pregnant arteries, which may account for the apparently similar responses between the two groups.
TRPC3 contribution to SM constriction was further examined by Ca 2ϩ store depletion and Ca v 1.2, 3.1 and 3.2 inhibition (Fig. 4, A and B) . After Ca 2ϩ store depletion and blockade of L-and T-type VDCCs, readmission of Ca 2ϩ failed to evoke constriction, indicating that non-agonist store-mediated Ca 2ϩ influx by TRPC3 does not appear to be linked to SM constriction but rather to replenishment of the SM sarcoplasmic reticulum Ca 2ϩ store (51) . Under these conditions, TRPC3 inhibition fully reversed PE-induced constriction in radial arteries of both nonpregnant and pregnant rats, suggesting that TRPC3 mediates the entire nonvoltage-dependent agonist-induced Ca 2ϩ entry and constriction and thereby accounts for a substantial component of the overall vasoconstrictor response. This component was not different between arteries from nonpregnant and pregnant rats.
Contribution of TRPC3 to Voltage-Dependent Ca 2ϩ Channel Activation and Constriction
Augmentation of intracellular SM [Ca 2ϩ ] in rat uterine radial arteries with enhanced L-type channel function occurs in pregnancy (54) . This was confirmed in the present study as nifedipine produced greater inhibition of PE-induced vasoconstriction, and confocal data showed an increase in Ca v 1.2 expression in uterine radial arteries from pregnant rats (Fig. 1,  A and E) . However, the channel currents that lead to depolarization and subsequent activation of Ca v 1.2 channels following receptor stimulation in these arteries remain elusive. A role for TRPC3 in agonist-induced SM depolarization and constriction has been described previously in other arteries such as in the rat cerebral (41, 60) and carotid artery (38) and in different models of hypertension (38, 40) . More importantly, TRPC3-mediated constriction has been linked to SM depolarization with subsequent VDCC activation (60) . In the present study, TRPC3-Pyr3 block inhibited PE-induced SM constriction in arteries from pregnant rats (Fig. 3B) . With combined inhibition of Ca v 1.2 and TRPC3 (Fig. 3, E and F) , the extent of inhibition of PE-induced constriction exceeded the summed inhibition produced by each blocker alone, suggesting a synergistic effect between TRPC3 and Ca v 1.2, as also observed in cardiac tissue by Sabourin et al. (44) . This synergistic effect was greater in arteries from pregnant rats, possibly due to the increased responsiveness of the vessel to PE. Furthermore, the myogenic tone in arteries of pregnant rats was abolished by inhibition of TRPC3 or L-type channels alone, indicating that TRPC3 facilitate the SM depolarization important for L-type channel activation. Fig. 4 . Calcium entry via TRPC3 channels facilitates agonist-induced vasoconstriction in pressurized rat uterine radial artery. Arteries from nonpregnant (n ϭ 4) and pregnant (n ϭ 4) rats were exposed to Ca 2ϩ -free Krebs solution and subsequent PE (10 M) to deplete the Ca 2ϩ store (A, B) . Arteries were then exposed to Krebs solution with nifedipine (1 M), NNC 55-0396 (3 M), and a second exposure to PE (1 M, nonpregnant, A; 0.3 M, pregnant, B) inducing a constriction in arteries from nonpregnant and pregnant rats (41 Ϯ 2% and 42 Ϯ 2%, respectively), with Pyr3 (1 M) reversing the constriction in each case (A, B, representative traces) by ϳ57 and 52% in arteries from nonpregnant and pregnant rats, respectively (C). *P Ͻ 0.05.
The residual constriction following Pyr3 and nifedipine exposure was underpinned by a contribution from T-type Ca 2ϩ channels, the role of which was greater (ϳ2-fold) in arteries from pregnant rats (Fig. 3, E and F) . Previous studies suggest that NNC 55-0396 blocks both nifedipine-sensitive and -insensitive voltage-dependent Ca 2ϩ currents (28, 32) . However, NNC 55-0396 T-channel specificity has been supported via studies in Ca v 3.1 knockout mice (56) , noting that the present study was conducted after arteries were exposed to nifedipine to eliminate potential effects of NNC 55-0396 on Ca v 1.2. Even after TRPC3, L-type, and T-type Ca 2ϩ inhibition, some PEmediated constriction remained in arteries from nonpregnant rats. This small residual constriction was abolished with subsequent exposure to cobalt chloride (Fig. 3E) , a nonselective inhibitor of extracellular Ca 2ϩ entry channels (12) . Whether this component involves activation of other TRP family members (37) or other VDCC such as Ca v 2 (25, 27) remains to be clarified.
Confocal immunohistochemistry revealed differential expression of T-type Ca v 3.1 and 3.2 channels in radial artery SM, with decreased Ca v 3.1 and increased 3.2 expression in vessels of pregnant rats (Fig. 1, B and F ; C, and G, respectively). The physiological relevance of this shift in T-type channel expression in arteries of pregnant rats is as yet unknown. Ca v 3.1 are suggested to contribute to myogenic tone generation at more negative membrane potentials (1), with the influence of Ca v 1.2 predominating at more depolarized potentials (1). Collectively, channel protein expression and inhibition of constriction is suggestive of a role for Ca v 3.2 in SM constriction to PE in rat uterine radial arteries.
This study demonstrates that TRPC3 channels are important in regulating myogenic and ␣-adrenoceptor-mediated vasoconstriction in rat uterine radial arteries. Furthermore, the TRPC3-mediated Ca 2ϩ and/or sodium current synergises SM muscle depolarization, increasing the probability of L-and T-type channel opening. These data support the presence of a TRPC3-L-and T-type channel-mediated mechanism that is critical for the control of vasoconstrictor tone in uterine radial arteries, and this mechanism is upregulated in pregnancy.
Perspectives and Significance
Complications in pregnancy, such as hypertension, are leading contributors to adverse outcomes for fetal and maternal health. In normal pregnancy the sensitivity of uterine resistance arteries to contractile stimuli and myogenic tone is increased in rodents, reflecting the state in humans, and an altered mechanism of SM Ca 2ϩ modulation is an underlying factor. The present study provides evidence that increased expression and function of SM TRPC3, Ca v 1.2, and 3.2 Ca 2ϩ entry channels contribute to elevated SM Ca 2ϩ modulation in rat uterine radial resistance arteries in pregnancy. However, dysregulation of the function or expression of these channels may underpin hypertensive disorders of pregnancy and increase risk of pregnancy complications. Future studies will focus on determining the ultrastructural and molecular characteristics of the potential TRPC3-Ca v microdomain signaling complex and its implications for human uterine vascular function in health and disease.
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